INTRODUCTION
Atherosclerosis is a multifactorial pathological process that affects human health. Dyslipidaemia, particularly increased plasma levels of LDL (low-density lipoprotein), is a major risk factor for atherogenesis [1] . Increasing evidence has demonstrated that oxidatively modified LDL [ox-LDL (oxidized LDL)] plays a more critical role than native LDL in the development of atherosclerosis [2] . Ox-LDL is taken up by monocyte/macrophages and vascular endothelial cells as well as by vascular smooth muscle cells, leading to the formation of lipid-laden foam cells and endothelial dysfunction as well as smooth muscle cell proliferation and migration, the hallmarks of early atherosclerotic lesions [2] .
During the early stages of arterial atherogenesis, the endothelial cells are affected by ox-LDL and become dysfunctional. These dysfunctional endothelial cells express adhesion molecules, leading to monocyte/macrophage recruitment. Previous in vitro studies demonstrated that the vascular endothelial cells respond to ox-LDL through a receptor-mediated pathway, which mainly involves the endothelial LOX-1 (lectin-like ox-LDL receptor-1) [3] . Ox-LDL is an important activator of endothelial cells through binding, and then up-regulating the expression of LOX-1, through a positive feedback loop resulting in endothelial cell activation and dysfunction. In fact, studies carried out by our laboratory and others have shown that in vascular endothelial cells, LOX-1 is involved in almost all pro-atherogenic effects of ox-LDL, including the expression of matrix metalloproteinases [4] , induction of apoptosis [5] , expression of adhesion molecules and resultant monocyte adhesion [6] , induction of CD40/CD40L signalling and inflammation [7] , and reduced generation of endothelial nitric oxide synthase and release of nitric oxide [8] .
In vitro studies have suggested that LOX-1 expression is upregulated by many pro-atherogenic stimuli, including ox-LDL and the cytokine TNF-α (tumour necrosis factor α) in endothelial cells [9] . Other studies have indicated that Ang II (angiotensin II), a pro-atherogenic risk factor, also up-regulates LOX-1 expression in endothelial cells [10] . The up-regulation of LOX-1 has been confirmed in arterial tissues of atherosclerotic animals [11, 12] . Kita [14] and Singh and Mehta [1] have proposed a 'cross-talk' between hyperlipidaemia and RAS (renin-angiotensin system) activation in the development of atherosclerosis. This concept of 'cross-talk' was confirmed in a recent animal study, which showed that the concurrent blockade of hyperlipidaemia and RAS has a potent synergistic inhibitory effect on LOX-1 expression and arterial atherogenesis in apoE (apolipoprotein E)-deficient mice [12] .
These observations, taken together, suggest that LOX-1 plays a critical role in the development of atherosclerosis. This may suggest that increased LOX-1 transcriptional promoter activity may equal increased LOX-1 gene expression and elevated risk of Table 1 Primer pairs for the amplification of full-length and deletion mutant LOX-1 promoters and the size of PCR products
Forward primer
Reverse primer Size of PCR product (bp) atherosclerosis. Accordingly, decreased LOX-1 promoter activation may reduce the incidence of atherosclerosis and related diseases.
The nucleotide sequence of human LOX-1 promoter has been identified [13] . Although only a few details are known about the transcription factors that modulate LOX-1 gene expression, a number of potential cis-regulatory elements, such as NF-κB (nuclear factor κB) and AP-1 (activator protein-1) binding motifs, are found within the LOX-1 promoter sequence [13] . Nonetheless, human LOX-1 transcriptional promoter has not been extensively examined on the molecular level. In the present study, we analysed ox-LDL-mediated activation of the human LOX-1 promoter in HCAECs (human coronary artery endothelial cells). The purpose of this study was to determine the specific mechanisms for the ox-LDL-induced activation of LOX-1 transcriptional promoter from the basal state. For comparison, we also studied Ang II-induced LOX-1 promoter activation.
MATERIALS AND METHODS

LOX-1 promoter-luciferase reporter plasmid construction
The promoterless luciferase reporter vector (pGL3-Basic) was obtained from Promega (catalogue no. E1751). Three restriction enzyme sites, KpnI, XhoI and BglII, are present upstream of the luciferase-expression gene. Fragments of human LOX-1 promoter (both full-length and deletion mutants) were amplified by PCR, using human genomic DNA as template. The primer pairs and size of PCR products are shown in Table 1 . For full-length and 5 deletion LOX-1 promoters, forward primers were tagged with KpnI restriction site, and reverse primers were tagged with BglII restriction site. As such, KpnI and BglII restriction sites were present on the 5 and 3 ends of PCR products, which can be subcloned into pGL3-Basic vector after restriction enzyme digestion followed by T4 DNA ligase-catalysed ligation. For 3 deletion and finer 5 or 3 deletion LOX-1 promoters, forward primers were tagged with KpnI restriction site, and reverse primers were tagged with XhoI restriction site. As such, KpnI and XhoI restriction sites were present on the 5 and 3 ends of PCR products. A 96 bp double-stranded DNA was synthesized by Invitrogen, having a KpnI site followed by an XhoI site on the 5 -end and a BglII site on the 3 -end. The nucleotides between XhoI and BglII sites are the same as LOX-1 promoter region from nt − 35 to + 36, including TATA box and transcription initiation site. Nucleotide number refers to the number of nucleotides upstream of the transcription initiation site. The 96 bp synthetic DNA was first subcloned into pGL3-Basic vector and then 3 deletion or finer 5 or 3 deletion LOX-1 promoters were subcloned into it by restriction enzyme digestion followed by T4 DNA ligase-catalysed ligation.
LOX-1 promoter-luciferase construct nomenclature
For ease in writing and understanding, full-length LOX-1 promoter (nt − 2336 to + 36)-luciferase construct is shortened to 'LOX-1 − 2336/+ 36'. The name of a deletion mutant promoter directly reflects its structure. For example, a 5 deletion promoter construct, which is deleted from nt − 2336 to − 2000 and retains sequence from nt − 1999 to + 36, is named 'LOX-1 − 1999/+ 36'. All 3 deletion and finer 5 or 3 deletion promoters retain the sequence from nt − 35 to + 36, which is termed 'LOX-1 − 35/+ 36', and is regarded as a core promoter. A 3 deletion construct that retains the sequence from nt − 2336 to − 477 (plus nt − 35 to + 36) is termed 'LOX-1 − 2336/− 477'.
DNA sequencing
The nucleotide sequences of full-length and deletion mutant LOX-1 promoters amplified from PCR were verified by dideoxy chain-termination method with appropriate primers, and the procedures were performed in a DNA sequencing laboratory. Nucleotide sequences of all PCR products were analysed by comparison with human LOX-1 promoter sequence found in the GenBank ® Nucleotide Sequence Database (accession number AB021922). For all promoters, the consistency was more than 99.8 %.
Preparation of ox-LDL
Ox-LDL was prepared as described previously [15] . In brief, human native LDL was obtained from Calbiochem (catalogue no. 437644). It was kept in 50 mmol/l Tris/HCl, 0.15 mol/l NaCl and 2 mmol/l EDTA. After the removal of EDTA by dialysis for 24 h in PBS, native LDL was oxidized by exposure to CuSO 4 (5 µmol/l free Cu 2+ concentration in PBS) at 37 • C for 24 h. The TBARS (thiobarbituric acid-reacting substances) content of ox-LDL was 10.2 + − 0.48 versus 0.56 + − 0.26 nmol per 100 µg of protein in native LDL, suggesting the oxidation status of LDL.
Cell culture, transient transfection and ox-LDL or Ang II treatment
The initial batch of HCAECs was purchased from Clonetics and cultured in endothelial basal medium as described previously [3] . In brief, cells were cultured to passages 4-5 and seeded in six-well plates. On reaching 80 % confluence, 1 µg of LOX-1 promoter-luciferase reporter vector was transfected into HCAECs by FuGENE 6 transfection reagent (Roche catalogue no. 1-814-443) according to the manufacturer's instructions. As an internal control for transfection efficiency, 1 µg of Renilla luciferase vector (pRL-SV40, Promega catalogue no. E2231; SV40 stands for simian virus 40) was co-transfected. The transfection reagent was removed 6 h after transfection, and the transfected HCAECs were cultured in complete culture medium for 36 h. Then, these cells were treated with or without 60 µg/ml ox-LDL for 24 h and harvested for assays mentioned below. In another set of experiments, the transfected HCAECs were treated with or without 1 µmol/l Ang II for 24 h, followed by the same assays. The concentration and incubation time of ox-LDL and Ang II were based on previous studies, showing the maximal effects of them on LOX-1 expression in HCAECs [9, 10] .
Dual luciferase assay
The luciferase expression/activity was measured by the DualLuciferase Report Assay system (Promega catalogue no. E1910), and the luminescence was read by a luminometer according to the manufacturer's instructions. This system allows the quantification of activities of both Firefly luciferase (encoded by LOX-1 promoter-pGL3 plasmid construct) and Renilla luciferase (encoded by pRL-SV40 plasmid). The relative values of Firefly luciferase activity were determined by normalizing with Renilla luciferase activity for transfection efficiency.
Computer analysis of the LOX-1 promoter TRANSFAC database (MatInspector software) was used to search for the potential cis-regulatory elements within human LOX-1 promoter. The threshold was set at 0.88.
EMSA (electrophoretic mobility-shift assay), supershift and competition assays
Nuclear extracts from HCAECs were prepared according to previously published procedures [6] . The 105 bp LOX-1 promoter fragment (between nt − 1599 and − 1494) was obtained by PCR. Complementary oligonucleotides containing Oct-1 (octamer-1) binding site (5 -TGTCGAATGCAAATCACTAGAA-3 ), AP-1 binding site (5 -CGCTTGATGACTCAGCCCGAA-3 ) or GATA family binding site (5 -CACTTGATAACAGAAAGTGAT-AACTCT-3 ) were obtained from Invitrogen. All probes were endlabelled with [γ -32 P]ATP by T4 polynucleotide kinase, and unincorporated [γ -32 P]ATP was removed by a QIAquick Nucleotide Remove kit (Qiagen catalogue no. 28304) according to the manufacturer's instructions. The radiolabelled probes were incubated with nuclear extracts for 30 min at room temperature (24 • C) in 50 mM Tris/HCl buffer (pH 7.5) containing 20 % (w/v) glycerol, 5 mM MgCl 2 , 2.5 mM EDTA, 2.5 mM dithiothreitol, 250 mM NaCl and 0.25 mg/ml poly(dI-dC) · (dI-dC). For competition assay, 100-fold excess of non-radiolabelled probes was incubated with nuclear extracts for 10 min before the addition of radiolabelled probes. As negative controls for the competition assay, 100-fold excess of non-radiolabelled probes containing mutant Oct-1 binding site (5 -TGTCGAATGCAAGCCACTAG-AA-3 ; synthesized by Invitrogen) was used as competitor. For supershift assay, rabbit polyclonal antibody directed to Oct-1 (Santa Cruz Biotechnology catalogue no. sc-232) was used. The experimental method was identical with EMSA except that 1, 2, 3 or 5 µg of anti-Oct-1 antibody was incubated with nuclear extracts on ice for 1 h before the addition of radiolabelled probes.
The specificity was verified by conducting a control supershift assay with 5 µg of normal rabbit IgG (Santa Cruz Biotechnology catalogue no. sc-3888), instead of anti-Oct-1 antibody. The DNA-protein complexes were separated by electrophoresis in a 6 % (w/v) non-denaturing polyacrylamide gel using 0.25 × TBE running buffer (0.0225 M Tris base, 0.0225 M boric acid and 0.0005 M EDTA). The gels were dried for 1 h and exposed to a radiographic film for 24 h at − 80
• C.
Site-directed mutagenesis
Site-directed substitution mutation of specific nucleotides within the human LOX-1 promoter region was performed using the In Vitro Site-Directed Mutagenesis system (Promega catalogue no. Q9280) according to the manufacturer's instructions. We first cloned a LOX-1 promoter-luciferase plasmid construct (LOX-1 − 1599/− 1494), containing a potential Oct-1 binding site (5 -AT-TTTTCA-3 ). To make site-directed substitution mutations within the Oct-1 binding site (from TT to GG), we synthesized a 20-base mutagenic oligonucleotide 5 -AAAAGCATGGTTCATTTTTC-3 . By finishing the mutagenesis method, the original potential Oct-1 binding motif was changed to a mutant binding motif (5 -ATGGTTCA-3 ). The mutation was verified by DNA sequencing.
Data analysis
All data represent the means for samples from five independent experiments. Results are expressed as means + − S.D. and are analysed with Student's t test. A value of P < 0.05 was considered as statistically significant.
RESULTS
Deletion analysis of basal human LOX-1 promoter activity
In the basal state, there was no significant difference between fulllength (LOX- 
Deletion analysis of ox-LDL-induced human LOX-1 promoter activation
Since the main purpose of the present study was to clarify the mechanism of ox-LDL-induced LOX-1 promoter activation, we treated the LOX-1 promoter-luciferase plasmid-transfected HCAECs with 60 µg/ml ox-LDL for 24 h. From these experiments, we identified that the LOX-1 promoter region, which responds to ox-LDL, lies between nt − 1999 and − 1500. Accordingly, we cloned a 506 bp promoter barely activated by ox-LDL ( Figure 3B ). These results suggested that the ox-LDL-responsive cis-regulatory element resides within the 106 bp promoter region, between nt − 1599 and − 1494. EMSA analysis of the activation of transcription factor Oct-1 by ox-LDL (Figure 4) .
To determine the transcription factor(s) binding specificity of this 106 bp LOX-1 promoter region and to determine the specific transcription factor(s) responsible for ox-LDL-induced LOX-1 promoter activation, we incubated nuclear extracts from ox-LDL-treated and -untreated HCAECs with radiolabelled 106 bp LOX-1 promoter fragment and performed EMSA. There was no shifted band without ox-LDL treatment. However, a shifted band was observed after ox-LDL treatment, implying the binding of transcription factor(s) ( Figure 5A ). We also incubated nuclear extracts with radiolabelled oligonucleotides containing putative Oct-1, AP-1 or GATA family binding motifs. There was no shifted band for all probes without ox-LDL treatment. However, after ox-LDL treatment, a shifted band was observed with radiolabelled oligonucleotides containing Oct-1 binding motif, while there was still no shifted band with radiolabelled oligonucleotides containing AP-1 or GATA family binding motifs ( Figure 5A ).
The binding of Oct-1 to the 106 bp LOX-1 promoter fragment was verified by EMSA-supershift assay using anti-Oct-1 antibody. Although we did not observe a supershifted band as we expected, we found that the preincubation of nuclear extracts with anti-Oct-1 antibody attenuated the ox-LDL-induced shifted band in a concentration-dependent manner. Note that 5 µg of antibody significantly abolished the ox-LDL-induced shifted band. Importantly, rabbit IgG, serving as a control, did not affect ox-LDL-induced shifted band ( Figure 5B) .
The binding specificity of Oct-1 to LOX-1 promoter was further verified by EMSA-competition assay. We identified that the ox-LDL-induced shifted bands with radiolabelled 106 bp fragment and probes containing Oct-1 binding motif were both blocked by the presence of non-radiolabelled competitors ( Figure 5C ). However, 100-fold excess of mutant non-radiolabelled probes, with a mutation in Oct-1 binding motif, had no such effect ( Figure 5C ). We also used 100-fold excess of non-radiolabelled 106 bp LOX-1 promoter fragment as competitors, and observed that the shifted bands with radiolabelled 106 bp fragment and probes containing Oct-1 binding motif were both blocked by the competitors ( Figure 5C ).
Mutations within the Oct-1 binding motif knock out ox-LDL-induced LOX-1 promoter activation
The role of Oct-1 in ox-LDL-induced activation of human LOX-1 promoter was further addressed by mutational analysis. Two sitedirected substitution mutations were made in the potential Oct-1 binding motif within the 106 bp LOX-1 promoter fragment, changing the original Oct-1 binding motif (5 -ATTTTTCA-3 ) 
.). (C)
In the competition assay, 100-fold excess of non-radiolabelled probes were incubated with nuclear extracts 10 min before the addition of radiolabelled probes. The ox-LDL-induced shifted band was totally blocked by non-radiolabelled competitors, but mutant competitors had no effects.
to a mutant binding motif (5 -ATGGTTCA-3 ) ( Figure 6A ). We found that the mutant 106 bp LOX-1 promoter lost its transcription factor(s) binding ability in response to ox-LDL ( Figure 6B ). Furthermore, we found that this mutant 106 bp LOX-1 promoter was barely activated by ox-LDL, unlike wild-type 106 bp LOX-1 promoter ( Figure 6C ).
Analysis of Ang II-induced human LOX-1 promoter activation
The same experimental procedures were employed to identify the nucleotide sequence required for Ang II-induced LOX-1 promoter activation. is different from the region (between nt − 1599 and − 1494) that is required for ox-LDL-induced LOX-1 promoter activation ( Figure 7C ).
DISCUSSION
The present study has demonstrated that the nucleotide sequence required for basal human LOX-1 promoter activity is localized in the region between nt − 36 and + 35. More importantly, this study showed that the cis-regulatory element, which is responsible for ox-LDL-induced LOX-1 promoter activation, resides in the region between nt − 1599 and − 1494. Furthermore, we identified that a binding motif for the transcription factor Oct-1 is present within this region and that Oct-1 binding appears to correlate with ox-LDL-induced LOX-1 promoter activation. On the other hand, we found that the nucleotide sequence required for Ang II-induced LOX-1 promoter activation localizes in the region between nt − 2336 and − 1990, suggesting that different mechanisms are involved in ox-LDL-and Ang II-induced LOX-1 promoter activation.
Analysis of basal human LOX-1 promoter activity
Several in vitro studies have demonstrated that under basal states, LOX-1 gene expression (mRNA and protein) is very low in HCAECs [3] [4] [5] [6] . The present study, together with others [13, 16] , provides solid evidence that LOX-1 promoter is constitutively active, but at a relative low level, and that it is activated by ox-LDL and Ang II (Figures 2A and 7A) .
In order to identify the specific nucleotide sequence for basal promoter activity, we compared the activity of full-length human LOX-1 promoter and a series of 5 and 3 LOX-1 promoter deletion mutants and found that the core promoter (LOX-1 − 36/+ 35) has the same activity as full-length LOX-1 promoter ( Figure 1B) . Accordingly, we propose that LOX-1 core promoter is required and sufficient for basal LOX-1 promoter activity as well as basal gene expression. Within this core promoter are the transcription initiation site and TATA box (TATTTAAA) located at nt − 29. Besides the TATA box, a CAAT box (CCAAT) was identified at nt − 99, upstream of the core promoter [13] . The presence of these elements suggests that LOX-1 is not a housekeeping gene but an inducible gene. The requirement of the core promoter for basal LOX-1 promoter activity is somewhat inconsistent with two previously published studies [13, 16] . One study showed that the cis-regulatory elements required for basal LOX-1 promoter activity exist in two regions. One is from nt − 150 to − 90 containing GC box and CAAT box, and the other is from nt − 50 to + 30 containing TATA box [13] . Another study showed that it is the region between nt − 150 and − 81 that is important for basal LOX-1 promoter activity [16] . Both studies were carried out in HeLa cells, a cervical carcinoma cell line, and not the primary vascular endothelial cells that were used in the present study. Different cells may respond differently to the same stimulus [17] . On the other hand, the transfection of primary endothelial cells with plasmid is more difficult than that of HeLa cells. For HCAECs, the transfection efficiency is approx. 10-25 %, but for HeLa cells, the transfection efficiency could be as high as 90 %. As such, the discrepancy between present study and studies by others may be explained by the use of different cell lines. Furthermore, it has been widely acknowledged that TATA box, CAAT box and GC box are all potential targets for Sp-1 (stimulatory protein-1), a ubiquitous and constitutively active transcription factor that binds to the promoters of many genes [18] . Based on our present findings (requirement of TATA box for basal LOX-1 promoter activity) and the previous ones (requirement of CAAT and GC boxes for basal LOX-1 promoter activity), we believe that transcription factor Sp-1 may play an important role in basal LOX-1 promoter activity and gene expression. However, this needs to be confirmed by additional studies.
Analysis of ox-LDL-and Ang II-induced LOX-1 promoter activation
Increasing evidence has suggested that ox-LDL/hyperlipidaemia and Ang II/RAS activation are two major stimuli for LOX-1 expression and atherosclerosis [1, 3, [9] [10] [11] . However, it is not known if the regulation of LOX-1 gene expression is transcriptional or translational or both. Although LOX-1 mRNA has been shown to be up-regulated by ox-LDL [9] and Ang II [10] , it is not clear whether this effect is due to the stabilization of LOX-1 mRNA or increased transcription of LOX-1 mRNA. Our study shows that the human LOX-1 promoter is activated by ox-LDL and Ang II. Our main purpose was to identify further the specific cis-regulatory element(s) and associated transcription factor(s), which are responsible for ox-LDL-induced LOX-1 promoter activation.
We first compared ox-LDL-induced activation of full-length human LOX-1 promoter and a series of 5 and 3 LOX-1 promoter deletion mutants. The results (Figure 2) suggested that the nucleotide sequence that responds to ox-LDL lies in the promoter region between nt − 1999 and − 1500. After ox-LDL treatment, the LOX-1 promoter (LOX-1 − 1999/− 1494) containing only this region had the same activity as full-length LOX-1 promoter (Figures 2A and 3A) .
In order to determine the specific cis-regulatory element(s) responsible for ox-LDL-induced LOX-1 promoter activation, we further analysed the LOX-1 promoter (LOX-1 − 1999/− 1494) by comparing a series of 5 and 3 deletion mutants. The results (Figure 3) suggested the localization of ox-LDL-responsive cisregulatory element(s) in the region between nt − 1599 and − 1494, which is a 106 bp fragment. This 106 bp promoter fragment, like full-length LOX-1 promoter, can be significantly activated by ox-LDL (Figures 2A and 6C) . However, it is to be noted that the LOX-1 core promoter (LOX-1 − 35/+ 36), containing TATA box as well as transcription initiation site, is indispensable for ox-LDL-induced LOX-1 promoter activation, because all LOX-1 promoter constructs without the core promoter cannot be activated by ox-LDL (results not shown). We postulate that, after ox-LDL treatment, there is a conformational change within the LOX-1 promoter. It is induced by transcription factor(s) and/or cofactor(s) binding, bringing the region between nt − 1599 and − 1494 to the proximity of core promoter. This conformational change and the interaction among transcription factors lead to the activation of LOX-1 promoter.
Previous studies have demonstrated that both ox-LDL and Ang II stimulate intracellular oxidative stress and induce the expression of LOX-1 in endothelial cells [19] . Furthermore, pretreatment of endothelial cells with antioxidants attenuates ox-LDL-and Ang II-induced LOX-1 expression [19] , implying that ox-LDL and Ang II stimulate LOX-1 expression possibly through the same signalling pathway, which is associated with oxidative stress. As such, we hypothesized that Ang II activates LOX-1 promoter through the same promoter region as ox-LDL. To examine this hypothesis, we used the same methodology to examine the promoter region responsible for Ang II-induced LOX-1 promoter activation. Unexpectedly, we found that another region, between nt − 2336 and − 1990, is required for LOX-1 promoter activation in response to Ang II. There could be two explanations for this observation. First, ox-LDL and Ang II induce intracellular oxidative stress, which then induces the activation of the same transcription factor. The binding motif for this specific transcription factor is present within the region between nt − 1599 and − 1494 (required for ox-LDL-induced promoter activation), and within the region between nt − 2336 and − 1990 (required for Ang II-induced promoter activation). After ox-LDL or Ang II treatment, the activation of this specific transcription factor causes the LOX-1 promoter activation followed by LOX-1 gene expression. The other possibility is that oxidative stress in response to ox-LDL and Ang II may induce the activation of different transcription factors. The binding motif for one exists in the region between nt − 1599 and − 1494, and the binding motif for the other exists in the region between nt − 2336 and − 1990. Accordingly, although ox-LDL and Ang II cause the same initial signalling, different downstream steps seem to be involved in ox-LDL-and Ang II-induced LOX-1 promoter activation. To examine these two possibilities, further experiments are required to examine the activation of potential transcription factors in response to ox-LDL and Ang II in endothelial cells.
Central role of Oct-1 in ox-LDL-induced LOX-1 promoter activation
Computer analysis showed that within the 106 bp promoter region, which is required for ox-LDL-induced LOX-1 promoter activation, there are at least three potential transcription factor binding motifs, including Oct-1 binding motif and AP-1 binding motif as well as GATA family binding motif (Figure 4) . Although the presence of these transcription factor binding motifs within the LOX-1 promoter has already been suggested by previous studies [13, 16, 20] , it is merely based on computer analysis. Furthermore, ox-LDL has been shown to activate transcription factors including NF-κB and AP-1 in endothelial cells [19] ; however, there is no solid evidence presented to clearly support their roles in ox-LDLinduced LOX-1 promoter activation and LOX-1 gene expression.
We examined the role of these transcription factors by performing EMSA, supershift and competition assays and found that only Oct-1, but not AP-1 or GATA family, was activated by ox-LDL in HCAECs ( Figure 5 ). In the supershift assay, although we did not observe a supershifted band after preincubation with antiOct-1 antibody, we found that the ox-LDL-induced shifted band was attenuated by the presence of the antibody in a concentrationdependent manner. This may be explained by the interaction between Oct-1 and its antibody affecting its DNA binding affinity. Subsequently, the role of Oct-1 in ox-LDL-induced LOX-1 promoter activation was further confirmed by mutagenesis assay (Figures 6B and 6C) .
Oct-1 belongs to a transcription factor family, POU domain family, which is composed of members that share a common domain called POU domain. There are five classes of POU domain family proteins, of which Oct-1 is ubiquitously expressed and functions as either a positive or a negative transcriptional regulator of a wide range of cellular genes, including housekeeping genes and tissue-specific genes. These genes encode products participating in a variety of cellular developmental processes such as cell division, differentiation, specification and survival. The regulation of these genes is dependent on the interaction between Oct-1 and the octamer motifs (ATTTGCAT or its variants) present in the promoter or enhancer of these genes [21, 22] . Like other transcription factors, Western blotting and immunoprecipitation analyses revealed that the phosphorylation/dephosphorylation of Oct-1 is a common mechanism that regulates the binding of itself to octamer motifs and the activation of target gene transcription. Previous studies have shown that Oct-1 is phosphorylated in cellcycle-dependent, cell-type-dependent, protein kinase-dependent and sequence-dependent manners [23] . For instance, PKA (protein kinase A)-mediated phosphorylation of Oct-1 inhibits its DNA-binding activity, while PKC-and CK2 (protein kinase CK2)-mediated phosphorylation of Oct-1 enhances its DNAbinding activity [23] . Furthermore, in addition to protein kinases, oxidation/reduction might be another mechanism whereby the phosphorylation of Oct-1 and Oct-1-mediated transcription of a specific gene is regulated [23] . As discussed earlier, ox-LDL induces intracellular oxidative stress. As such, we postulate that the following steps are involved in ox-LDL-induced LOX-1 expression: ox-LDL → oxidative stress → Oct-1 phosphorylation → Oct-1 binding to DNA → target gene (LOX-1) transcription. In addition to phosphorylation, on activation, Oct-1 has been demonstrated to regulate, positively or negatively, a variety of tissue-specific genes by recruiting tissue-specific cofactors [22] . In vascular endothelial cells, Oct-1 negatively regulates von Willebrand factor and VCAM-1 (vascular cell adhesion molecule-1) gene expression [17] , whereas it positively regulates fgl2/fibroleukin [24] , endothelial cell-specific TIE2 [25] and inducible nitric oxide synthase gene expression [26] . As a positively acting transcription factor, Oct-1 has been shown to enhance gene expression through interaction with a variety of DNA-binding protein partners, basal transcription factors or tissue-specific coactivators. Sp-1 family members and NF-κB have been shown to interact with Oct-1 in regulating gene expression [24] [25] [26] . We found that LOX-1 core promoter and promoter region containing Oct-1 binding motif are both required for ox-LDL-induced LOX-1 promoter activation. Interestingly, as mentioned earlier, the TATA box within the LOX-1 core promoter is a potential binding site for Sp-1. We, therefore, postulate that Sp-1 might be constitutively recruited to LOX-1 core promoter under basal states. After ox-LDL treatment, the binding of Oct-1 to LOX-1 promoter and the interaction between Oct-1 and Sp-1 facilitate LOX-1 promoter activation and gene expression.
In HCAECs, NF-κB is activated by ox-LDL and has been shown to be involved in the ox-LDL-induced up-regulation of several genes [6, 27] . Interestingly, we did not find the correlation between NF-κB and ox-LDL-induced LOX-1 promoter activation in the present study. Although we observed NF-κB activation by ox-LDL (results not shown), its binding motif is not present within the 106 bp LOX-1 promoter region. More importantly, in the EMSA, the ox-LDL-induced shifted band with radiolabelled 106 bp probes was not affected by non-radiolabelled probes containing NF-κB binding motif (results not shown). These observations point against a major role for NF-κB in ox-LDLinduced LOX-1 promoter activation. Nonetheless, we cannot totally exclude its role in this process. In contrast, a previous computer analysis study suggested a potential binding motif for NF-κB within the LOX-1 promoter between nt − 2336 and − 1990 [13] , which is required for Ang II-induced LOX-1 promoter activation. Consistent with this report, we previously showed the activation of NF-κB by Ang II [19] . Although we do not have direct evidence suggesting a role for NF-κB in Ang II-induced LOX-1 promoter activation so far, we are currently studying the correlation between Ang II, NF-κB and LOX-1 promoter activation. In general, different transcription factors seem to be involved in LOX-1 promoter activation in response to ox-LDL and Ang II. Considering the fact that there is a 'cross-talk' between ox-LDL and Ang II in inducing LOX-1 expression and atherosclerosis, it is highly possible that an interaction between Oct-1 and NF-κB exists and that NF-κB enhances the activity of Oct-1, particularly when both stimuli (ox-LDL and Ang II) coexist.
Besides NF-κB, ox-LDL also activates several other transcription factors in vascular endothelial cells, such as STAT (signal transducer and activators of transcription), ATF-2 (activating transcription factor 2), ELK-1 (ets-like gene-1), CREB (cAMP-response-element-binding protein) and PPAR (peroxisome-proliferator-activated receptor) [28] [29] [30] . However, their binding motifs are not present within the 106 bp LOX-1 promoter region. The role of AP-1 in ox-LDL-treated HCAECs is also controversial [6, 31] . In the present study, we did not find the activation of AP-1 by ox-LDL ( Figure 5A ), although a potential binding motif for AP-1 is present within LOX-1 promoter.
In the present study, the binding of Oct-1, AP-1 and the GATA family to DNA motifs was not detected under basal states ( Figure 5A ). We believe that these transcription factors are constitutively active in HCAECs, but to a low extent. In the EMSA, we used 2 µg of nuclear extracts. The small amount of nuclear extracts may explain the lack of transcription factor binding detected under basal states.
Since the binding of transcription factor(s) to the 106 bp LOX-1 promoter fragment was totally blocked by non-radiolabelled probes containing putative Oct-1 binding motif ( Figure 5C ) and the mutant 106 bp LOX-1 promoter (without Oct-1 binding) totally lost its activation in response to ox-LDL ( Figure 6C ), we conclude that Oct-1 is the key transcription factor that is required for ox-LDL-induced LOX-1 promoter activation. However, the role of Oct-1 in ox-LDL-induced LOX-1 promoter activation and gene expression needs to be further studied. Studies need to be performed to determine (i) whether ox-LDL treatment increases Oct-1 mRNA or protein expression and/or protein phosphorylation, (ii) whether ox-LDL induces the translocation of Oct-1 from the cytoplasm to the nucleus and (iii) whether other transcription factors or cofactors also contribute to ox-LDLinduced activation of LOX-1 promoter.
Summary
In the present study, human LOX-1 promoter activity was studied in HCAECs. We found that the nucleotide sequence for LOX-1 basal promoter activity resides within the region between nt − 36 and + 35. More importantly, we identified that a 105 bp region of the LOX-1 promoter, from nt − 1599 to − 1494, along with the core promoter, is required for ox-LDL-induced LOX-1 promoter activation. Within this region there is an Oct-1 binding motif that binds Oct-1. Mutation of this motif disrupts Oct-1 binding and eliminates ox-LDL-induced activation of the LOX-1 promoter. These results strongly suggest that Oct-1 plays an important role in ox-LDL-induced LOX-1 promoter activation in HCAECs. In addition, the present study suggests that the promoter region for Ang II-induced LOX-1 promoter activation is different from the region required for ox-LDL-induced LOX-1 promoter activation.
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